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ION IMPLANTER ELECTRODES 



5 FIELD OF THE INVENTION 

[0001] This invention relates to ion implanters for implanting ions into 
substrates, such as semiconductor wafers, in electronic device fabrication, and in 
particular to ion implanters capable of processing wafers on a commercial scale. 

10 

BACKGROUND 



[0002] Ion implantation techniques are commonly used as one of the 
processes employed In the manufacture of integrated circuits, to modify the electrical 

1 5 transport properties In predefined regions of a semiconductor material by doping 
these regions with a predetermined concentration of impurity atoms. The technique 
generally involves generating a beam of a preselected specie of ions and directing 
the beam towards a target substrate. The depth of the ion implant depends, inter alia, 
on the energy of the ion beam at the substrate. As the density of devices on a single • 

20 wafer increases and the lateral dimensions of individual devices decrease for ultra- 
large scale integrated circuits (ULSI), the ability of an ion implanter to form shallow 
junctions using low energy ions, e.g. of about 0.2 keV to 10 keV, becomes 
increasingly useful. At the same time, in commercial ion implantation, it is also often 
useful to be able to process an individual wafer in as short a time as possible. In 

25 many applications reduced processing time is achieved by providing a large ion 
beam current. However, it is often difficult to transport a large current ion beam at 
low energy due to space charge effects. 

[0003] U.S. Pat. No. 5,932,882 describes one prior technique in which an ion 
beam is transported at high energy and then decelerated to a lower energy just 

30 before the beam impacts the substrate. The ion implanter of this reference 

comprises an ion beam generator which includes a source of ions and an extractor 
electrode assembly for extracting the ions from the source and forming a beam of 
ions. The extraction electrode assembly comprises one or more electrodes which 
typically have apertures through which the Ion beam is shaped. A flight tube 

35 transports the beam from the extractor assembly at a transport energy, and a 

substrate holder holds a substrate to be implanted with beam ions. A deceleration 
potential generator connected to apply a deceleration potential to a deceleration lens 
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assembly between the flight tube and the substrate holder decelerates beam ions to 
a desired implant energy. The deceleration lens assembly located between the flight 
tube and the substrate holder comprises a plurality of electrodes which typically have 
apertures through which the ion beam passes. 

5 

SUMMARY OF ILLUSRATED EMBODIMENTS 

[0004] Provided is an ion implanter having a deceleration lens assembly 
comprising a plurality of electrodes in which one or more of the apertures of the 
deceleration electrodes are shaped in a manner which can improve performance of 

10 the ion implanter. In one embodiment, an electrode aperture is generally elliptical in 
shape and conforms generally to the shape of the beam passing through the 
aperture. In some applications, it is believed that an elliptical or similar shape can 
reduce aberrations in the electric field projected by or othenA^ise influenced by the 
apertured electrodes of a deceleration electrode assembly of an ion implanter. 

15 [0005] In one illustrated embodiment, an aperture has a periphery which 
defines a center point. A longitudinal axis passes through the center and two end 
points at opposite ends of the periphery. The maximum length of the aperture is 
measured along the axis between these periphery end points. A transverse axis also 
passes through the center point and two periphery midpoints at opposite sides of the 

20 aperture. The maximum width of the aperture is measured along the transverse axis 
between these periphery side points. 

[0006] In one embodiment, the width of the aperture decreases monotonically 
from the point of maximum width measured along the transverse axis at the side 
midpoints, to each aperture endpoint. In another aspect, the average width of the 

25 aperture is less than the maximum width of the aperture. In a more detailed 

embodiment, an axis segment extends 40% of the length of the aperture from the 
aperture center to an intermediate point at the end of the segment. The average 
width of the aperture measured at each point from the center to the intermediate 
point is substantially less than the maximum width of the aperture. In the illustrated 

30 embodiment, the average width of the aperture as measured along the points of this 
segment is in the range of 20 - 100 mm, depending upon the application of the 
specific lens element. 

[0007] It is appreciated that aperture shapes which are similar to elliptical 

may increase beam transmission, reduce aberrations in the electrode electric field or 
35 provide other benefits. For example, in one embodiment, an elongated aperture may 
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be nonelliptical but the width of the aperture nonetheless decreases monotonically 
from the side midpoints to each aperture endpoint in a manner similar to that of an 
elliptical aperture. Moreover the average width of the aperture measured at each 
point of an axis segment having a length of 40% of the aperture length from the 
5 aperture center to the intermediate point at the end of a segment is substantially less 
than the maximum width of the aperture. 

[0008] In yet another embodiment, an aperture which is noncircular, and 
nonelongated is also believed to improve ion implanter performance. For example, 
an aperture which Is partially square in shape and has four gradually rounded 

10 comers. In this embodiment, the width ofthe aperture decreases monotonically 
from the maximum width measured along a transverse axis at the side midpoints to 
each aperture endpoint. Moreover the average width of the aperture measured at 
each point of an axis segment having a length of 40% ofthe aperture length from the 
aperture center to the intermediate point at the end of a segment is substantially less 

1 5 than the maximum width of the aperture. Yet another embodiment may have a 
circular aperture. 

[0009] There are additional aspects to the present inventions. It should 
therefore be understood that the preceding is merely a brief summary of some 
embodiments and aspects ofthe present inventions. Additional embodiments and 

20 aspects of the present inventions are referenced below. It should further be 

understood that numerous changes to the disclosed embodiments can be made 
without departing from the spirit or scope of the inventions. The preceding 
summary therefore is not meant to limit the scope of the inventions. Rather, the 
scope ofthe inventions is to be determined by appended claims and their 

25 equivalents. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[00010] Examples of embodiments of the present invention will now be 
described with reference to the drawings in which: 

5 FIG. 1 is a schematic diagram of a prior art aperture for a deceleration 

electrode. 

FIG. 2 shows a schematic diagram of one example of an ion 
implanter which can employ electrodes according to an embodiment of the 
1 0 present invention; 

FIG.3 is a schematic electrical diagram of the deceleration lens 
electrode assembly of FIG. 2; 

1 5 FIG. 4 shows a schematic front view of the ground electrode shown in 

FIGS. 2 and 3; and 

FIG. 5 Is a schematic diagram of the aperture of the electrode of FIG. 

4; 

20 

FIG. 6 is a schematic diagram of an alternative embodiment of an 
aperture for a deceleration electrode; and 

FIG. 7 is a schematic diagram of another alternative embodiment of 
25 an aperture for a deceleration electrode. 



30 
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DESCRIPTION OF ILLUSTRATED EMBODIMENTS 

[00011] An ion implanter in accordance with one embodiment is indicated 
generally at 1 in FIG. 2. The ion implanter 1 comprises an ion beam generator 3 for 
5 generating a beam of ions. A magnet 5 adjacent the ion beam generator spatially 
resolves the beam ions according to their mass. An ion selector 7 disposed adjacent 
the analyzing magnet 5 selects a specie of ions to be implanted into a target 
substrate and rejects other ions in the spatially resolved beam from the magnet. A 
deceleration lens electrode assembly 9 disposed adjacent the ion selector 7 controls 

1 0 the final energy of the Ion beam before implantation by retarding the velocity of the 
ions. A screening assembly positioned between the ion selector 7and the electrode 
assembly 9 reduces penetration of the electric field from the electrode assembly 9 
into the ion selector 7. A support or holder 1 1 spaced from the electrode assembly 9 
supports a target substrate 12 to be implanted with beam ions. A plasma flood 

1 5 generator 1 3 disposed between the electrode assembly 9 and the substrate support 
1 1 introduces electrons and other charged particles into the ion beam near the target 
surface to neutralize the beam and wafer surface. An ion beam collector 14 
positioned downstream of the substrate support 1 1 serves as a beam stop and ion 
current detector for dosimetry measurements. 

20 [00012] Referring to FIGS. 3 to 7, the deceleration lens electrode assembly 9 
comprises a prefocusing apertured plate electrode 60 and a field or focusing 
electrode 61 located adjacent to the apertured plate electrode 60 which provides a 
focusing field for beam ions of a beam 146 passing through an aperture 62 of the first 
apertured plate electrode 60. The field electrode 61 has a generally circular 

25 symmetry and defines an aperture 63 adjacent and substantially coaxial with the exit 
aperture 62 of the plate electrode 60 of the screening assembly 10. The 
deceleration lens assembly further comprises an apertured ground plate electrode 65 
for controlling the implant energy. The ground plate electrode 65 is disposed 
generally transverse to the beam 146 and defines a further aperture 67 through 

30 which the ion beam can pass, this further aperture 67 being disposed adjacent the 
field electrode aperture 63. 

[00013] As explained in great detail below, one or more of the apertures 62, 63 
and 67 of the deceleration electrodes 60. 61 and 65. respectively, can be shaped in a 
manner which can improve performance of the ion implanter 1 . For example, FIGs. 4 
35 and 5 show in schematic form the face of the aperture 67 of the ground plate 
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electrode 65. In the illustrated embodiment, the aperture 67 is generally elliptical in 
shape and conforms generally to the shape of the beam 146 passing through the 
aperture 67. In contrast, it is believed that the apertures of prior art deceleration 
electrodes were often generally rectangular in shape as schematically depicted in 
5 FIG. 1. 

[00014] It has been found by the present inventors that an elliptical or similar 
shape can increase beam transmission through the deceleration assembly 
electrodes while maintaining good beam transmission. It is further believed that an 
elliptlcal or similar shape can reduce aben^tions in the beam related to the detailed 
1 0 geometry of the electric fields within and between the apertures in the electrodes of a 
deceleration electrode assembly of an ion Implanter. 

[00015] The apertures 63 and 67 formed in the field electrode 61 and the plate 
electrode 65 are each made larger than the beam cross-sectional area at these 
apertures. The ion beam can pass straight through without substantially clipping the 

1 5 electrodes 61 , 65 and substantially most or all the beam current can be transmitted. 
For a given mass of ion and distance between each of these apertures 63, 67 and 
the analyzing magnet 5, the beam cross-sectional area will depend on such factors 
as the ion beam generator and magnet optics, the resolving power of the magnet and 
the width of the mass resolving slit, each of which can be used to control the beam 

20 cross-sectional area at the retardation apparatus and the target substrate. It is 

appreciated that in some applications, it may be appropriate for one or more of the 
electrode apertures to be smaller than the beam cross-sectional area. 
[00016] In the illustrated embodiments, the beam apertures formed in the field 
electrode 61 and the ground electrode 65 are elongated to conform better to the 

25 cross-sectional shape of the beam. Thus, the length L of the aperture 67 of the 
electrode 65 is greater than the width W of the aperture 67 as shown in FIG. 5. As 
used herein, the term "length" refers to a measurement in the direction of elongation 
of the aperture and the temi "width" refers to a measurement in a direction transverse 
to the direction of elongation. In one embodiment, the beam aperture 63 of the field 

30 electrode 61 and the beam aperture 67 of the apertured plate electrode 65 have 

dimensions around 90 mm in length and a width to length ratio of about .85. Another 
example of a suitable elliptical aperture has dimensions close to 70 mm in length with 
a width to length ratio of about .75. It is believed that a width to length ratio within a 
range of approximately 0.2 - 1 or .5 -1 may be suitable for a number of applications, 

35 depending upon the particulars of each application. 
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[00017] In the embodiment of FIG. 5, aperture 67 has a periphery 70 which 
defines a center point C. A longitudinal axis H passes through the center C and two 
aperture end points El and E2 at opposite ends of the periphery 70. The maximum 
length L of the aperture 67 is measured along the axis H between the aperture end 
5 points El and E2. A transverse axis T also passes through the center point C and 
two aperture midpoints Ml and M2 at opposite sides of the aperture 67. The 
maximum width W of the aperture 67 is measured along the axis T between the side 
points Ml and M2. 

[0001 8] It is seen that the width of the aperture decreases monotonically from 
10 center point C (having the maximum width WO measured along the transverse axis T 
between the side midpoints Ml , M2), to each aperture endpoint El , E2. In addition, 
the average width of the aperture is less than the maximum width WO of the aperture 
67. In the illustrated embodiment, an axis segment extends 40% of the length L of 
the aperture 67 from the aperture center C to an intemiediate point II at the end of 
1 5 the segment. The width of the aperture 67 as measured at the intermediate point 1 1 
is indicated by the width W1 . The width of the aperture 67 as measured at a second 
intermediate point 12 along the axis H between the center C and the intermediate 
point II is indicated by the width W2. The average width of the aperture 67 
measured at each point from the center C to the intermediate point II is substantially 
20 less than the maximum width WO of the aperture 67. In various embodiments, the 
average width of the aperture as measured along the points of this segment may be 
typically in a range of 50 - 98% of the maximum width, for example, depending upon 
the application. 

[00019] In contrast, FIG. 1 shows a prior art deceleration electrode aperture 72 
25 which is generally rectangular in shape although slightly rounded at the comers such 
as corner K1 . This elongated aperture 72 defines a center point C, longitudinal axis 
H. transverse axis T, aperture end points El, E2 along the longitudinal axis H and 
aperture midpoints Ml , M2 along the transverse axis T . An axis segment extends 
40% of the length L of the aperture 72 from the aperture center C to an intermediate 
30 point 1 1 at the end of the segment. The width of the aperture 72 as measured at the 
intemiediate point II is indicated by the width W1 . The width of the aperture 72 as 
measured at a second intermediate point 12 along the axis H between the center C 
and the intemiediate point II is indicated by the width W2. These widths, WO, W1 
and W2 of the aperture 72 are substantially equal. Indeed, the average width of the 
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aperture 72 measured at each point from the center C to the intemfiediate point II is 
substantially equal to the maximum width WO of the aperture 72. 
[00020] It is appreciated that aperture shapes which are similar to elliptical 
may increase beam transmission, reduce aben^ations in the electrode electric field or 
5 provide other benefits. For example, in one embodiment, an elongated aperture 74 
(FIG. 6) which defines a center point C, longitudinal axis H, transverse axis T, 
aperture end points E1, E2 and aperture midpoints M1, M2, may be nonelliptical but 
the width of the aperture nonetheless decreases monotonically from the side 
midpoints M1 . M2 to each aperture end point E1 . E2 In a manner similar to that of 
1 0 the aperture 67 (shown in phantom). 

[00021] Moreover, an axis segment extends 40% of the length L of the aperture 

74 from the aperture center C to an intermediate point 11 at the end of the segment. 
The width of the aperture 74 as measured at the intermediate point II is indicated by 
the width W1 . The width of the aperture 74 as measured at a second intermediate 

1 5 point 12 along the axis H between the center C and the intermediate point II is 

indicated by the width W2. The average width of the aperture 74 measured at each 
point from the center C to the intermediate point II is substantially less than the 
maximum width WO of the aperture 74. 

[00022] In some applications, the aperture 62 of the prefocusing electrode 60 
20 may be generally circular (although it can be elliptical) having a diameter of around 

75 mm for example. In other applications, the aperture 62 of the deceleration 
electrode 60 provides an example of a noncircular, nonelongated aperture which is 
believed to improve ion implanter performance for some embodiments, depending 
upon the particular application. For example, in the embodiment shown in FIG. 7. the 

25 aperture 62 is partially square in shape and has four gradually rounded comers. 
This shaped aperture may be suitable for applications in which the ground plate 
electrode 65 has a smaller aspect such as 80 by 60 mm. for example. 
[00023] The aperture 62 of FIG. 7 defines a center point C. A first axis H passes 
through the center C and orthogonally through two opposite sides SI , S2 at two 

30 aperture end points E1 and E2. The length L of the aperture 62 is measured along 
the axis H between the aperture endpoints El and E2. An orthogonal transverse 
axis T also passes through the center point C and two aperture midpoints Ml and M2 
at opposite sides S3, S4 of the aperture 67. The maximum width W of the aperture 
62 is measured along the axis T between the aperture mid points Ml and M2, and is 

35 substantially equal to the length L of the aperture 62 which is 80 mm in the example 
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of FIG. 7. The gradually rounded comers may have a radius of around 20 mm, for 
example. 

[00024] It is seen that the width of the aperture 62 decreases monotonically from 
the maximum width WO measured along the transverse axis T at the side midpoints 
5 M1, M2, to each aperture endpoints E1, E2. In addition, the average width of the 
aperture is less than the maximum width WO of the aperture 62 In the illustrated 
embodiment, an axis segment extends 40% of the length L of the aperture 62 from 
the aperture center C to an Intermediate point 11 at the end of the segment. The 
width of the aperture 62 as measured at the intemriediate point II is indicated by the 

1 0 width W1 . The width of the aperture 62 as measured at a second intenmediate point 
12 along the axis H between the center C and the intermediate point II is indicated 
by the width W2. The average width of the aperture 62 measured at each point from 
the center C to the intermediate point II is substantially less than the maximum width 
WO of the aperture 62. 

1 5 [00025] In the embodiments of FIGs. 4-7. the apertures 62, 63. 67 and 74 are 
each symmetrical about each axis described above. In addition, the width of each of 
the apertures 67. 74 decreases monotonically from the side midpoints Ml . M2 to 
each aperture endpoint El , E2. It is appreciated however, that other apertures which 
are not symmetrical or do not have monotonically decreasing widths, may 

20 nonetheless provide improved ion implanter performance in accordance with 

described embodiments. For example, elongated apertures which have relatively 
smoothly changing widths such that relatively sharp comers have been reduced or 
eliminated are believed to improve ion implanter performance. 
[00026] In one embodiment, the aperture 67 formed in the final apertured 

25 electrode 65 is smaller (e.g. 80 by 60 mm) than the aperture 63 of the field electrode 
61 (e.g. 100 by 86 mm) in both length L and width W to provide enhanced screening 
of the beam neutralizing apparatus 13 from the electric field originating at the field 
electrode 61. The fractional reduction in the aperture width between the field 
electrode and final apertured plate electrode 65 is greater than the fractional 

30 reduction in aperture height between the field and final apertured electrode. In a 

manner similar to that described in U.S. Pat. No. 5.932,882. as the ion beam passes 
through the mass resolving slit, the beam has a pencil-like cross-sectional geometry 
so that the beam tends to expand laterally at a faster rate than it does vertically due 
to space charge effects. The larger reduction between the widths of the apertures 

35 intensifies the focusing force in the lateral direction across the width of the ion beam 
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to counteract the higher expansion rate in this direction. The beam aperture 
configuration of the final apertured plate electrode 65 and the field electrode 61 
increases the focusing capacity of the deceleration lens so that the potential of the 
field electrode relative to the first and final apertured electrodes necessary to provide 
5 adequate focusing of the beam can be reduced, thereby reducing the energy briefly 
attained by the ion beam above the transport energy on passing through the field 
electrode aperture. This in tum reduces the energy of fast neutrals created in this 
region by charge exchange with residual gas atoms. 

[00027] The diameter of the field electrode 61 . the plate electrode 65 and the 

10 prefocusing electrode 60 are about 250, 200 and 225 mm, respectively, in this 

example. The electrodes may each be made of graphite or other suitable material. 
[00028] In the illustrated embodiment, the ion beam generator 3 comprises an 
ion source including an arc chamber having an exit aperture formed in the front face 
thereof. An extraction electrode assembly 20 includes a number of electrodes (such 

15 as two or three, for example) which are spaced from the exit aperture. The extraction 
assembly 20 extract ions from the arc chamber and forms an ion beam. The 
extraction electrode which is closest to the exit aperture of the arc chamber serves 
as a suppression electrode to prevent electrons forward of the beam generator from 
flowing to the arc chamber. 

20 [00029] A flight tube positioned between two poles of the mass analyzing 
magnet 5, receives the ion beam from the beam generator 3 and controls the 
transport energy of the ion beam during its passage between the poles of the magnet 
5. The transport energy of the ion beam is a function of the potential difference 
between the flight tube and the ion source. In this particular embodiment, the 

25 magnetic field strength of the analyzing magnet and the energy of the ion beam 

through the magnet are chosen so that ions having an appropriate mass and charge 
state are deflected through approximately 90 degrees for passage through the ion 
selector 7, the electrode assembly 9 and the electron generator 13 to the surface of 
the wafer. The flight tube is configured accordingly, with the analyzing magnet exit 

30 aperture being approximately orthogonal to the magnet entrance aperture. 

[00030] The ion selector 7 comprises a series of discrete elements which are 
spaced apart along the beam and define a series of apertures which, in combination, 
select ions of the correct mass and charge state to be implanted in the target 
substrate while rejecting other spatially resolved ions which pass through the 

35 analyzing magnet 5. In this particular embodiment, the ion selector 7 comprises a 
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plate electrode which rejects most of the unwanted ion species exiting from the 
magnet, a pair of elements which together define a variable width mass resolving slit 
which passes only the selected ion specie, and a further element which defines the 
height of the ion beam. However, the number of mass resolving elements and their 
5 configuration may be varied. 

[00031] The ion selector assembly is housed in a chamber which forms part of 
the flight tube and which is disposed between the magnet and the electrode 
assembly 9. The flight tube including the mass resolving chamber provides the 
means by which the beam is transported from the ion beam generator to the 

10 electrode assembly 9. The mass resolving chamber wall comprises a part which 
extends in the direction of the beamline and defines a generally cylindrical envelope, 
and a transverse part adjacent the cylindrical part which constitutes a plate electrode 
disposed transverse to the beam line and defines an aperture through which the 
beam can pass, the aperture being adjacent to the final element of the ion selector 

1 5 7. The transverse part provides an electrostatic screen for screening the ion selector 
7 from electric fields originating downstream of the ion selector. 
[00032] In this particular embodiment, a vacuum port is formed in the chamber 
wall near the analyzing magnet 5 which is connected to a vacuum pump for 
evacuating the chamber, although in another embodiment this vacuum port may be 

20 omitted. A screening assembly is positioned between the exit aperture of the mass 
resolving chamber and the electrode assembly 9 to reduce penetration of the electric 
field from the electrode assembly 9 into the mass resolving chamber through the exit 
aperture. The screening assembly comprises a cylindrical electrode, and a field 
defining plate electrode. The screening assembly apertured plate electrode is 

25 located upstream of the first element of the deceleration lens 60 to provide further 
screening of the ion selector 7 from electric fields generated downstream of the ion 
selector 7 and in particular from fields originating at the field electrode 61 . In this 
particular embodiment, the additional screening plate electrode is mounted on stand- 
offs extending upstream from the first element 60 of the deceleration lens. 

30 [00033] The cylindrical electrode of the screening assembly is arranged 
coaxially with the exit aperture of the mass resolving chamber and with one end 
positioned adjacent and connected to the transverse part (or downstream end) of the 
mass resolving chamber wall. The screening assembly cylindrical electrode extends 
downstream of the mass resolving chamber and may have an inwardly extending 

35 radial fiange formed at its downstream end to provide additional screening and to 
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allow the fitting of the first electrode of the deceleration lens 60. The apertured plate 
electrode 60, containing the aperture 62 is mounted on the downstream end of the 
screening cylinder. The latter also encloses the additional screening plate electrode. 
In this embodiment, the screening assembly cylinder, the first element of the 
5 deceleration lens 60 and screening assembly plate electrode are all electrically 
connected to the flight tube. 

[00034] The screening assembly field defining plate electrode, which may or 
may not be used, comprises a circular plate with an aperture formed in the center 
thereof. The field defining plate electrode is mounted within and supported by the 

10 screening assembly cylindrical electrode and is positioned about midway between 
the ends of the cylindrical electrode (although this may vary) and transverse to beam 
axis. The aperture of the screening assembly electrode may be elliptical, rectangular 
or square and, in one embodiment may taper gently outwards towards the electrode 
assembly 9. In this example, the aperture is square and has a width of about 60 mm. 

1 5 The screening assembly cylindrical electrode and the field defining plate electrode 
may each be made of graphite or other suitable material. 

[00035] In this embodiment, the plasma injector 13 comprises a plasma flood 
system which introduces low energy electrons into the ion beam near the target. The 
plasma flood system includes a guide or confinement tube through which the ion 

20 beam can pass from the plate electrode aperture 67 to the target substrate 12, and 
which both maintains electrons from the plasma flood system in the vicinity of the ion 
beam and screens the portion of the ion beam between the plate electrode aperture 
and the wafer from stray electric fields. An apertured plate electrode of the injector 13 
is positioned at the upstream end of the confinement tube, adjacent the apertured 

25 plate electrode of the deceleration assembly 9 to provide additional screening of the 
interior of the confinement tube from electric fields from the field electrode 61 . 
[00036] In this embodiment, the ion implanter further comprises an ion source 
voltage supply for biasing the ion source, a suppression electrode voltage supply for 
biasing the suppression electrode, a flight tube voltage supply for biasing the flight 

30 tube, the mass resolving chamber, the screening assembly 10, and the appropriate 
electrodes of the extraction assembly 20. A field electrode voltage supply 177 
biases the field electrode 61 . The prefocusing electrode 60, which forms the first 
electrode in the deceleration lens assembly 9, is maintained at flight tube potential by 
a supply 175. In one embodiment, the field electrode 61 is biased to a more negative 

35 potential than the electrode 60. 
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[00037] A plasma flood voltage supply biases the electron confining electrode 
and the apertured screening plate electrode of the injector 13. In this embodiment, 
the apertured plate electrode 65 of the deceleration lens, the target substrate holder 
1 1 and the substrate 12 are maintained at ground potential, which facilitates handling 
5 of the target substrate, simplifies the target support assembly, and serves as a 
convenient reference potential for the other electrodes, 

[00038] A method of operating the ion impianter to implant ions at low energy 
will now be described with reference to a specific example for illustrative purposes 
only. The ion implantation energy is determined by the potential difference between 

1 0 the substrate 12 and the ion source. As the substrate is maintained at ground 

potential, the ion source voltage supply is biased positively with respect to ground by 
an amount which corresponds to the desired ion implantation energy. For example, 
for a 2 keV implant, the ion source voltage supply is biased to +2 kV. The transport 
energy of the ion beam through the analyzing magnet 5 and the mass resolving 

1 5 chamber, which is also referred to as the extraction energy of the ion beam, is 

detennined by the potential difference between the ion source and the flight tube, 
which is controlled by the flight tube voltage supply. Thus, for example, to transport 
the ion beam at an energy of 10 keV through the flight tube, the flight tube is biased 
at -10 kV relative to the ion source or -8 kV relative to ground. The ion beam is 

20 transported with substantially constant energy through the analyzing magnet and 
different ionic species within the ion beam are resolved spatially by the magnet 
according to their mass and charge state. The spatially resolved beam then passes 
Into the mass resolving chamber, where the beam first passes through a predefining 
aperture defined by the plate electrode of the ion selector 7 closest to the analyzing 

25 magnet 5. This plate electrode acts as a coarse, first stage filter for the spatially 
resolved beam and blocks a proportion of the spatially resolved ion species which 
are not required in the implant. The second and third elements spaced from the 
analyzing magnet 5, and which are displaced axially from one another along the 
beamline, define a variable width mass resolving slit, whose position can be varied in 

30 a direction transverse to the beamline. for selecting from the filtered beam the ion 
species to be implanted. 

[00039] As an example, in a boron implant the spatially resolved beam leaving 
the analyzing magnet may contain BF3, BF2. BF. B and F ions and the molecular and 
boron ions will contain either isotope of boron. ^°B and ^^B. Thus, for a boron-1 1 
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implant the predefining element 135 and the mass resolving elements 139, 141 will 
filter out all ionic species except ^^B. 

[00040] As the beam traverses the mass resolving chamber, the energy of the 
beam is maintained constant, in this example 10 keV. The 10 keV mass resolved 
5 beam passes through the exit aperture of the mass resolving chamber, through the 
screening assembly 10 to the electrode assembly 9. 

[00041] The electrode 61 is biased to a potential that is more negative than that 
of the mass resolving chamber. The magnitude of the potential applied to the field 
electrode 61 is sufficient to establish an electrostatic focusing field in the region of the 

1 0 final aperture 67 of the grounded plate electrode 65. A potential of between -3 kV 
and -30 kV (although voltages outside this range may be used) and preferably -25 kV 
with respect to the potential of the plate electrode 65 is sufficient to establish the 
required focusing field at the final lens aperture 67 to maintain the beam ions within 
the beam between the final lens aperture 67 and the target substrate. As the flight 

15 tube and the mass resolving chamber are at -8 kV, the field electrode 61 is biased to 
a potential more negative than that of the flight tube and serves to prevent electrons 
in the mass resolving region from being drawn to the plate electrode 65, which would 
destroy space charge neutralization in this region and cause beam expansion and 
loss of current. 

20 [00042] In the present example, as the mass resolved beam approaches the 
field electrode 61 , the beam is briefly accelerated above the transport (extraction) 
energy of 10 keV to an energy defined substantially by the potential difference 
between the ion source and the field electrode 61 . The beam passes through the 
field electrode aperture 63 and is then decelerated to substantially the required 

25 implant energy in the gap between the field electrode aperture 63 and the final 

aperture 67. At the same time, a net focusing force is applied to the ion beam in the 
region between the screening assembly aperture plate and the field electrode 61 , 
and in the region between the field electrode 61 and the plate electrode 65 of the 
deceleration lens and just beyond. 

30 [00043] The ion beam then passes into the region between the final lens 

aperture 67 and the target substrate. In this region, the ion beam is transported to the 
substrate at substantially the required implant energy. Expansion of the now, low 
velocity beam is minimized by flooding the beam with low energy electrons by means 
of the plasma flood system 13, The plasma flood system also minimizes surface 

35 charging of the target substrate during ion implantation and simultaneously reduces 
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the potential of the ion beam, again to minimize the extent to which the beam 
expands before reaching the substrate. 

[00044] A vacuum port coupled to a vacuum pump, is formed in the wall of the 
process chamber to allow the process chamber to be evacuated. The opening of the 
5 vacuum port is relatively large and extends parallel to the beam line in the region of 
the target substrate to optimize pumping close to the target during implantation. The 
deceleration lens assembly, in particular the region between the field electrode 61 
and the second apertured plate electrode 60, is located directly in front of the vacuum 
outlet port of the process chamber so that the interior of the lens can be evacuated 
1 0 more efficiently, which assists further in minimizing the production of fast neutrals 
and high energy contamination of the ion beam. 

[00045] Thus, the deceleration lens assembly shown in FIG. 3 is configured and 
constructed so as to allow the space within the lens to be evacuated effectively so as 
to minimize the residual gas pressure in the interior of the lens and the production of 
15 neutrals in this region above the implant energy and in particular above the flight tube 
transport energy. 

[00046] In the illustrated embodiment, the beam width profile changes along the 
beam line as the beam passes from the analyzing magnet 5 through the deceleration 
lens assembly to the target substrate 12. The magnet optics bring the ion beam to a 

20 narrow focus at the mass resolving slit defined by the mass resolving elements. As 
the ion beam passes through the mass resolving slit, and through the beam 
apertures of the mass resolving chamber and additional screening plate electrode, 
the beam width gradually expands. As the beam approaches the beam aperture 62 
of the electrode 60. the electric field between the field electrode 61 and the apertured 

25 plate electrode 60 initially applies a force to the ion beam which is accelerated above 
the transport energy. 

[00047] As the ion beam passes through the field electrode 61 into the gap 
between the field electrode 61 and the final apertured plate electrode 65, the beam is 
decelerated to the desired implant energy and the electric field between these 
30 electrodes applies a strong focusing force to the ion beam so that the beam width 
narrows to pass through the beam aperture 67 of the final apertured plate electrode 
65. Finally, the ion beam passes into the electron confinement tube of the 
neutralizing apparatus 13 via the beam aperture of the screening plate electrode to 
the target with negligible divergence of the beam width. 
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[00048] Referring again to FIG. 2, the deceleration lens assembly 9, the plasma 
flood system 13 and the target substrate support 1 1 are all housed within a process 
chamber which is positioned adjacent the mass resolving chamber and 
communicates with the mass resolving chamber through an aperture formed in the 
5 front end section of the mass resolving chamber. The screening cylinder between 
the front end wall of the mass resolving chamber and the apertured plate electrode 
60 screens the Ion beam from stray electric fields in the process chamber. The mass 
resolving chamber wall is electrically insulated from the process chamber wall by an 
electrically insulating member which forms part of the wall of the process chamber. 

1 0 [00049] A cylindrical flange may be provided to extend axially from the final 
apertured plate electrode 65 towards the field electrode 61 . The cylindrical flange 
and the first apertured plate electrode 65 can form a shield around the ion beam and 
the field electrode 61 , to confine the electric field established by the potential 
difference applied between the field electrode 61 and the final apertured plate 

15 electrode 65, thereby preventing charged particles near the target substrate 12 from 
flowing upstream to the field electrode 61 , and at the same time screening the ion 
beam from any stray electric fields present in the process chamber, which might 
otherwise upset the charge balance in the ion beam causing loss of beam current. 
[00050] The field electrode 61 can be located inside the flange so that the flange 

20 surrounds the outer periphery of the field electrode 61 . In this embodiment, the field 
electrode 61 is mounted in and supported by the cylindrical screening flange via a 
plurality of stand-offs which are positioned radially around the periphery of the field 
electrode 61. The field electrode and the final apertured plate electrode assembly is 
mounted on the process chamber wall by a plurality of stand-ofFs. In this 

25 embodiment, the cylindrical screening flange extends a minimal distance beyond the 
upstream face of the field electrode 61 so that the gap between the field electrode 
and the first apertured plate electrode of the deceleration lens assembly is easily 
accessible and communicates directly with the surrounding space within the process 
chamber. 

30 [00051] In other embodiments, the apertured plates or electrodes and the 

focusing or field electrodes may have any suitable shape and configuration and each 
may comprise one or more individual electrodes. For example, the retardation 
electrode may include a cylindrical or ring electrode. In another embodiment, the 
retardation electrode and the plasma flood guide tube may comprise a single 

35 electrode or be electrically connected together. In another embodiment, the 
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retardation electrode may be arranged so that it can be biased to a potential different 
from that of the target substrate. 

[00052] In another embodiment, the focusing or field electrode may comprise an 
extension of the flight tube and be substantially at the flight tube potential. In this 
5 embodiment, the potential difference between the flight tube and the first apertured 
plate or retardation electrode should be sufficient to apply a focusing force to the ion 
beam in the retardation zone. An additional electrode upstream of the retardation 
electrode and within the flight tube and biased at a potential lower than that of the 
flight tube should be provided to prevent electrons being tost to the retardation 
10 electrode. 

[00053] The foregoing description of various embodiments of the invention has 
been presented for the purposes of illustration and description. It is not intended to 
be exhaustive or to limit the invention to the precise form disclosed. Many 
modifications and variations are possible in light of the above teaching. It is intended 
1 5 that the scope of the invention not be limited by this detailed description. 
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